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SURFACE HARDENING OF STEEL PARTS

Anaa ®aoin I Ioan, O.B. Aximos, K.O. Kocmuxk. IloBepXHeBe 3MillHEHHSI CTaJIeBHX eTaleil. Po3pobka HOBUX pecypco3bepirarounx
i €KOHOMIYHO JIOLJIBHUX TEXHOJIOTi KOMOIHOBAHOI'O 3MIL[HEHHS CTAJICBUX ACTaJeH i3 3HAYHUM CKOPOYCHHSM TPHUBAJIOCTI IPOLECY € BaXK-
JIMBOIO 1 aKTyallbHOI 3aj1aucto. Mema: MeToro poGoTH € po3pobKa TEXHOJIOr T KOMOIHOBAaHOIO 3MILHEHHS CTaleBUX JeTalieid 1yt 3abe3mne-
YEHHs BHCOKHMX EKCIUIyaTal[iiHUX BJIACTUBOCTEH MMOBEPXHEBOrO MIApy CTaji LUISXOM iHTeHCH}IKAIi Mmpouecy a30TyBaHHS 3a PaxyHOK
HONePEaHbO]T Ja3epHOi 00pPOOKH MOBEPXHI CTasIeBUX BUPOOiB. Mamepianu i memodu: MatepianoM Ui JOCTIIKEeHHs € ctani Mapok 40, 40X
i 38X2MIOA. JlazepHy 06poOKy craseit mpoBoauin Ha ycraHoBLI «JIATYC-31%». A30TyBaHHsI IPOBOJMIINA B CEPEILOBHILI JAPiOHOIMCIICPCHOL
a30TOBMICHOI PEUOBHHHM 3 aKTUBaTOpaMu 1pu Temmeparypi 530...560 °C nporsirom 2...3 roaus. ITporec a30TyBaHHs IIPOBOAMIIN B 3aKPHTIii
aTMocdepi B KaMepHii meui 6e3 3acToCyBaHHs 3aXMCHUX atMocdep. Byno mocimiukeHo BIUIMB MONEPeaHbOI Jla3epHOI 00pOOKH i KiHIIEBOIO
a30TyBaHHs Ha CTPYKTYpY, TOBIUMHY, (ha30BHii CKJal, MIKPOTBEPAICTh MOBEPXHEBHUX LIAPiB 3pa3KiB ctaieil. Pesyavmamu: Tlokasano, 1o
HONEPE/IHE JIa3epHEe 3MILHEHHS ITiBHIIYE [TOBEPXHEBY TBEPAICTh micis aszoryBanHs B 0,88...1,15 pa3u B 3ajexHOCTI Bil Mapku craii i
IIBUAKOCTI IEpEeMiLleHHs JIa3epHOro MPOMEHs B MOPIBHSHHI 3 a30TYBaHHSAM CTalel B aHAJOri4HUX ymoBax. KomGiHOBaHa 06polka crpusie
3HAYHOMY CTOBILEHHIO 3MillHEHOro mapy — 10 0,49 mm juis crani mapku 40, 10 0,55 mm s crami mapku 40X 1 10 0,65 MM 1s craiti MapKku
38X2MIOA.

Knmiouosi cnoea: ioBepxHeBe 3MiLHEHHS cTalli, KoMOiHOBaHa 00po0Ka, ja3epHa 06pobKa, a30TyBaHHs, IOBEPXHEBA TBEPAICTh, TOBILH-
Ha 3MILHEHOr O 1apy.

Alaa Fadhil I Idan, O.V. Akimov, K.O. Kostyk. Surface hardening of steel parts. Development of new resource-saving and cost-
effective technologies of combined hardening of steel parts with a significant reduction of the process duration is an important and urgent
task. Aim: The aim of the work is to create a technology for combined toughening of steel parts to provide high operational properties of the
steel surface layer by intensifying the nitriding process through the laser pre-treatment of steel products. Materials and Methods: Materials
for study are types of steels 40, 40Cr and 38Cr2MoAl. Laser treatment of steel was performed at the LATUS-31 installation. Nitriding
carried out in the environment of fine nitrogen-containing substance with activators at a temperature of 530...560°C during 2...3 hours. The
nitriding process was carried out in the closed atmosphere in the chamber furnace without application of the protective atmospheres.
Influence of laser pre-treatment and final nitriding on structure, thickness, phase structure, microhardness of surface layers of steel samples
has been investigated. Results: It is shown that preliminary hardening by laser increases surface hardness in 0.88...1.15 times after nitriding,
depending on brand of steel and speed of a laser beam movement, in comparison with steel nitriding in similar conditions. The combined
treatment promotes significant increase in the strengthened layer — up to 0.49 mm for 40 steel type, up to 0.55 mm for 40Cr steel type and up
to 0.65 mm for 38Cr2MoAl steel type.
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Introduction. One of the perspective directions of operating service life increase of steel parts is
creation of parts from an inexpensive matrix with hardening of the surface layer. There are a number
of the technologies directed to hardening of a surface of a part, namely: chemical heat treatment; depo-
sition; welding; surface plastic deformation; electroplatings; laser hardening; hardening by currents of
high frequency etc. [1].

The combined treatments providing increase in hardness and durability of the surface layer that
leads, in turn, to increase in endurance of a part in general are of the greatest interest [2].

All existing technologies can be divided into the following groups: coating; diffusion coating;
hardening of the surface layer due to change of structure.

Nitrogenation is a fairly common factory technology for hardening the steel surface, but this is a
fairly long and expensive process. Currently, the interest is represented by combined treatment with
the use of nitriding and additional processing, which reduces the time of saturation of steels
with nitrogen.

The development of new resource-saving and economically viable technologies for combined
hardening of steel parts with a significant reduction in the duration of the process is an important and
urgent task in modern science.
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An analysis of the current state of the question of increasing the service life of machine parts
shows that the effective method of surface hardening of steels is chemical-thermal treatment, i.e. such
methods as nitriding and laser hardening of the surface.

Laser treatment in comparison with traditional methods of heat treatment of materials has a
number of advantages [3]. With traditional heat treatment, the subsequent release of the part is
required. It removes internal stresses, but at the same time reduces the hardness of the treated layer. In
this case, the hardness is, as a rule, 48...52 HRC. Laser processing does not require additional blazing-
off operations. The hardness of the laser-hardened surface zone is more than 58...62 HRC [4]. Such
hardness of the hardened layer is achieved due to the martensitic transformation, the optimal combina-
tion of solubility of solid solutions with carbon and alloying elements with their heterogeneity, and
also due to increasing the density of crystal structure defects [5...8]. The greatest interest in laser
processing of steel for further acceleration of the nitriding process is the considerable grain refinement.
This leads to an acceleration of the diffusion of nitrogen deep into the metal [9, 10].

There are many technologies of nitriding, but the most interesting are innovative technologies that
provide the necessary depth of the diffusion layer in a short time interval of the saturation process [11].

Combined technologies of laser processing and nitriding are known, such as: low-temperature
nitriding of steel parts; obtaining of wear-resistant discrete nitrided layers; combined laser-chemical-
thermal treatment of materials.

Low-temperature nitriding of steel parts includes preliminary surface local alloyage with nitride-
forming elements during laser heating of parts with a coating applied to their surface followed by low-
temperature nitriding [12]. Before nitriding, the process of thermal diffusion saturation with doping
nitride-forming elements is carried out when heated to a temperature of 690...710 °C with a holding
time of 3...4 hours. The nitriding process is carried out in an ammonia medium when heated to a
temperature of 570...590 °C with a holding time of 6...8 hours and with subsequent cooling together
with the furnace.

The production of wear-resistant discrete nitrided layers includes discrete processing of the
surface of steel products by laser irradiation followed by nitriding in an ammonia medium at tempera-
tures of 800...860 K with an exposure time of 15...20 hours where laser processing with power
103...104 W/cm® is performed discretely with a processing area of 15...25 % of the total area of the
steel product [13]. This improves the wear resistance of nitrided layers of steel products by reducing
the friction stress. It is shown that the local stresses in the material, depending on the type of loading
of the elementary volume, can be predicted and calculated. In this case, it is necessary to take into
account the mechanical properties, type and structure of the transition zone, which arises as a result of
laser treatment.

The size of the treatment area is established empirically and is due to the creation of such a
stress-strain state, which provides minimum local stresses in friction. These results are confirmed by
analytical calculations of the composite material.

A minimally loaded matrix makes it possible to relax the stresses caused by frictional forces. The
point reinforcement zones have dimensions of 3...5 mm and are located at a distance of 10 mm
between the centers. Steel grades 18CrMnTi, 40Cr, 38CrMoAl were used as strengthened materials.
The increase in wear-resisting properties at discrete processing in comparison with continuous
processing is conditioned by such stress-strain state at which the stresses are minimal. At this, the
preliminary laser treatment intensifies the nitriding process.

The combined laser-chemical-thermal treatment of materials includes the surface treatment of the
article in order to increase the defects of the crystal latitude, followed by chemical-thermal treatment
of the surface of steel products at a laser radiation speed of 0.5...1.4 m/min and nitriding in an
ammonia medium at temperatures of 800...860 K [14].

Known methods have a number of unresolved issues. In particular, Petrova et al. [12] presented a
method of low-temperature nitriding of steel parts, which disadvantage is that it does not provide suf-
ficient depth of the layer (up to 120...150 um) and is difficult to use, laborious and energy-intensive.
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Additionally, a significant disadvantage of this
method is the use of ammonia, which is not only
expensive but dangerous in manufacturing and
harmful to human health and the environment.
Kindrachuk et al. [13], a method for obtain-
ing wear-resistant discrete nitrided layers was
proposed, but a significant disadvantage of this
method is that it does not allow the formation of
coatings with variable density of hardened areas
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In turn, Ischuk et al. [14] proposed a method Speed of laser beam movement, m/min
for combined laser-chemical-thermal treatment of Steel types: M — 40; B — 40Cr; M- 38Cr2MoAl

materlals, but this methoq 1 characterm§d by such Fig. 1. Change in the surface hardness of steels after
disadvantages as a considerable duration of the  .,mpined strengthening treatment, depending on the
process (up to 20 hours), energy intensity and the speed of the laser beam movement in compare to
fact that the resulting coating has insufficient nitriding of steel under similar conditions, but without
microhardness (up to 8 GPa), which does not preliminary laser hardening (shown by hatching)
provide high wear resistance of the part.

Overall, the conclusion that can be drawn from the literature analysis is that the existing
techniques do not provide sufficient depth of hardened layer and sufficient surface hardness are
difficult to use, laborious, energy intensive, long time processes (up to 20 hours).

The aim of this research is to create a technology of combined hardening of steel parts to ensure
high performance properties of the surface layer of steel by intensifying the nitriding process through
preliminary laser treatment of the surface of steel products.

Materials and Methods. The materials for the study are steels of grades 40, 40Cr u 38Cr2MoAl.

Laser processing of steels was carried out at the LATUS-31 installation in the following mode:
the radiation power was 1.0+1.1 kW, the diameter of the beam focusing part was 5 mm, the speed of
the laser beam was 0.5...1.5 m/min.

Nitriding was carried out in a medium of finely dispersed nitrogen-containing material with acti-
vators at a temperature of 530...560 °C for 2...3 hours. The nitriding process was carried out in a
closed atmosphere in the form of a sealed container — in a chamber furnace, without complicated
special equipment, without use of protective atmospheres.

The effect of preliminary laser treatment and final nitriding on the structure, thickness, phase
composition, microhardness of surface layers of steel samples was investigated. The study was carried
out using metallographic analysis using a metallographic microscope MIM-7 with a digital adapter, an
automatic X-ray diffractometer DRON-3, a PMT-3 microhardometer, and an analyzer by TM-114.

Results.

Analysis of the influence of the speed of the laser beam on the surface hardness of the strengthened
layer. Studies have shown that preliminary laser hardening increases the surface hardness after nitriding
by 0.88...1.15 times, depending on the steel grade and the speed of the laser beam moving in compare
with the nitriding of steels under similar conditions, but without preliminary laser hardening (Fig. 1).

The presence of alloying elements in the steel increases surface hardness. This phenomenon is
associated with the presence in the surface layer of alloyed steel of special nitrides and carbides, which
are more solid in compare with nitrides and iron carbides. This conclusion was confirmed by the X-ray
structural phase analysis of the steels being studied, as a result of which nitrides &-FeoN, e-FesN-FepN,
v'-FesN, Fe;N and a-Fe were detected in the surface layer of the steel. The nitrides and carbides of the
alloying elements were additionally fixed in alloyed steels. The presence of chromium in the steel
increases the surface hardness in the surface layer by 1.10...1.12 times (Fig. 2).

The nature of the dependence of the change in the surface hardness of steels after the combined
hardening treatment on the speed of laser beam movement is described by the third degree polynomials.
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Fig. 2. Dependence of the change in the surface
hardness of steels after the combined hardening
treatment on the speed of laser beam movement
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Analysis of the influence of the speed of the laser beam movement on the thickness of the
hardened layer. The dependence of the thickness of the hardened steel layer on the speed of laser
beam movement is shown in Fig. 3. Comparison was carried out with nitriding of steel under similar
conditions, but without preliminary laser hardening.

Nitriding without preliminary laser hardening under similar conditions makes it possible to obtain
a hardened layer with a thickness of 0.17 mm (40 steel type) to 0.2 mm (40Cr and 38Cr2MoAl types).
Preliminary laser treatment before nitriding promotes a significant increase in the hardened layer: up
to 0.49 mm for 40 steel type, up to 0.55 mm — 40Cr and up to 0.65 mm — 38Cr2MoAl. This is
explained by the simplification of the diffusion of nitrogen atoms and the increase of its solubility due
to the formation of a more defective metal 0.6
structure after laser irradiation (increase in
dislocation density, grain fragmentation and
increase in the extent of their boundaries,
and the production of ultradispersed
disoriented grains).

Fig. 4...6 show the dependence of the
change of the hardened layer thickness of
the steels being tested on the speed of the
laser beam for the two processing modes,
laser and combined. With an increase in the
speed of laser beam moving to 1.25 m/min,
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a significant decrease in the thickness of the
strengthened layer is characteristic for steels.
At further increase in speed, the reduction in
the thickness of the strengthened layer is
insignificant. As expected, the greater the
thickness of the strengthened layer by laser
treatment, the greater is the corresponding
thickness of the hardened layer after sub-
sequent nitration (combined treatment).
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Fig. 4. Change in thickness of the hardened layer
of 40 steel type as a function of the speed
of the laser beam movement
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Conclusions. As a result of the study, a technology for combined hardening of the surface layer
of steel parts was developed, consisting of preliminary laser treatment of the surface layer of steel and

its further nitriding.

Studies have shown that preliminary laser hardening in combination with nitriding increases the
surface hardness of steel by 0.88...1.15 times, depending on the steel grade and the speed of the laser
beam movement. In compare with nitriding, the steel under similar conditions but without preliminary
laser hardening, combined treatment promotes a significant increase in the hardened layer: up to
0.49 mm for 40 steel type, up to 0.55 mm — 40Cr and up to 0.65 mm — 38Cr2MoAl.
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